Background: Dromiciops gliroides is a small nocturnal marsupial found in the temperate forests of Southern Chile and Argentina. It is the only living member of the order Microbiotheria. Here, we describe the discovery and first account of live trapping of D. gliroides in Parque Nacional Los Alerces (Los Alerces National Park) in the province of Chubut, Argentina. This account extends the distribution of this cryptic species south to Parque Nacional Los Alerces (PNLA). The study provides a description of the habitat they were captured in after a recent bamboo flowering and seeding event and subsequent rodent irruption, the first in 70 years in PNLA. Results: Four adult D. gliroides were captured during the study period, and both adult females captured had pouch young present, suggesting birth occurred in late October or early November. Habitat surveys revealed D. gliroides inhabited Nothofagus forest. A lack of fruiting plants in PNLA during the trapping period (spring) suggests their diet is likely restricted to insects at this time. No dreys were detected during habitat surveys, and hence, it is likely D. gliroides utilises tree hollows as refuges and nesting sites in PNLA. Significant threats to the population in PNLA were identified including introduced predators and human-related impacts due to farming and tourism. Conclusions: There is a breeding population of D. gliroides present in Parque Nacional Los Alerces. The newly discovered population now represents the most southern location for D. gliroides in Argentina.
Background
Monito del monte (Dromiciops gliroides) is a small nocturnal arboreal marsupial found in temperate forests in Chile (between 35°50″S and 43°21″S) and southern Argentina (between 39°07′S and 42°00′S) (Lobos et al. 2005; Amico et al. 2009; Celis-Diez et al. 2012) . D. gliroides is the only living member of the order Microbiotheria (e.g. Nilsson et al. 2004) , and more is closely related to Australasian marsupials than American marsupials (Kirsch et al. 1997; Palma and Spotorno 1999) . It is listed as 'near threatened' on the 2008 IUCN red list due to habitat destruction caused by logging and land clearing for agriculture (Diez and Teta 2008; Fontúrbel et al. 2010) . As a frugivore, it likely plays an important role in seed dispersal (Amico and Aizen 2000; Amico et al. 2009; Rodríguez-Cabal and Branch 2011) ; however, it is primarily insectivorous (Mann 1955) and will eat insects, annelids, and on occasion small vertebrates (Jiménez and Rageot 1979; Celis-Diez et al. 2012) .
In southern Argentina (Chubut province), D. gliroides is very rarely observed (Martin 2003) . However, sightings of D. gliroides have been made in the province of Chubut including Parque Nacional Los Alerces (PNLA) and Parque Nacional Lago Puelo (Heinonen Fortabat and Chébez 1997) . Due to these sightings, active trapping and infrared camera trapping was carried out in the spring and summer of 2014 in the PNLA, province of Chubut, Argentina. Trapping occurred just after a synchronous bamboo flowering and seeding event which began in late 2012 in Villa Futalaufquen in the PNLA. The event continued along the Río Percy outside the PNLA, and was the first flowering and seeding event for the native bamboo in the PNLA in over 70 years. Native bamboo can take between 60 and 70 years to grow, flower and die (Pearson et al. 1994; Sage et al. 2007; Sanguinetti et al. 2012 ). This flowering event initiated a rodent irruption in the PNLA (beginning April 2013 and ending April 2014), and was likely similar to other rodent outbreaks that have previously occurred in southwestern Argentina (Sage et al. 2007 ). These rodent outbreaks are triggered by the abundance of bamboo seed with food availability normally the main limiting factor for rodents in these temperate forests.
This paper describes the results of live trapping and observations using cage and infrared camera traps to identify D. gliroides in the PNLA, Chubut, after a rare mass bamboo flowering and seeding event. It describes a new location for D. gliroides in the province of Chubut, Argentina, and extends the distribution range further south by approximately 40 km south to 42°43′47″S 71°4 5′16″W, the southern-most site recorded for D. gliroides in Argentina. The paper also describes the habitat D. gliroides was located, and the threats posed to this population.
Methods

Location
The PNLA was created in 1937 to protect South America's largest endemic conifer Fitzroya cupressoides (Premoli et al. 2000) . It lies between 42°50′ 40.3″S and 71°50′17.4″W in the subantarctic region (Cabrera 1971) of Chubut province and incorporates 263,000 ha, of which 187,500 ha is a national park and the remainder a national reserve (APN 1997) .
The native vegetation in these forests is dominated by conifers (Austrocedrus chilensis and Fitzroya cupressoides), and beech trees (Nothofagus dombeyi, Nothofagus pumilio and Nothofagus antarctica). The understorey is dominated by native bamboo (Chusquea culeou) and shrubs including maqui (Aristotelia chilensis) and prickly heath (Gaultheria spp.).
The PNLA has a mean annual temperature of 8°C and has an annual precipitation between 800 and 3000 mm, mainly falling in April to October. Snow falls from June to September but can fall as late as October (APN 1997) .
Cage and camera trapping surveys
In the PNLA, wire cage and infrared camera trapping was conducted from October to early December 2014. Trapping was conducted in three locations (A, B and C; Fig. 1 ). The first trapping location (A, Mermoud), is the ex-Mermoud settlement (no longer a settlement) on the shores of the Lago (Lake) Verde, near Puerto (Port) Mermoud which includes building ruins, animal yards, holding pens surrounded by orchards and introduced plants (42°43′21″S 71°45′02″W). The settlement is adjacent to native old-growth forest areas. The second location (B, Río Menéndez) extends from the Pasarella (footbridge) over Río Arrayanes, along the path to Puerto Chucao in the Nothofagus forest bordering the Río Menéndez, and along the track to Puerto Mermoud (42°43′43″S 71°44′50″W). The third location (C, Puerto Sagrario) was the old growth alerce (Fitzroya cupressoides) forest at Puerto Sagrario, which borders both Lagos Menéndez and Cisne and is only accessible by boat. No cage trapping was conducted at location C due to limited accessibility (42°36′38″S 71°53′27″W).
Cage traps were placed at random throughout locations A, B and C; however, placement was influenced by accessibility. Traps were placed along tree branches, approximately 1.5 m off the ground, and camera traps were placed in the same area with the aim of maximising detectability of small arboreal mammals.
Habitat surveys
Standard habitat surveys were conducted to allow a comparison between different cage and camera trapping sites (n = 19). A list of the GPS locations for each of the 19 sites is provided in Table 1 . Habitat characteristics were measured at 10, 25 and 40 m along the 50-m line transect including percentage canopy cover, shrubs (0.5-2 m), shrubs (2-4 m), herbage, rocks/logs and litter, within a 10-m radius of the transect. In addition, plant species in the transects were identified, and dominant trees, shrubs and ground covers recorded using Dimitri (1977) , Rapoport et al. (2003) , Bisheimer and Fernández (2009), and Hoermann (2013) . All trees with a diameter at breast height over bark larger than 10 cm were recorded. Any evidence of vertebrates in the survey site was recorded, including scats, scratchings and diggings. If any weeds were present, they were recorded, as well as the elevation and distance to water of each site.
Trapping
Trapping was conducted using custom-made wire cage traps (26 × 13 × 13 cm) during October, November and early December 2014. Traps were baited with either banana, apple, a combination of apple and banana, or bait balls (oats, honey and peanut butter) and set at dusk. In total, 778 trap nights were conducted over the trapping period. All traps were placed 0.5-2 m from the ground on mostly horizontal branches. All traps were opened at dusk and checked within 2 h of sunrise the following day. If traps were open in the morning, they were closed to prevent birds entering during the day.
Infrared camera trapping
Sixteen Range Ops XR mini infrared camera (Browning Trail Cameras, Birmingham, AL, USA) traps were placed on trees at the sites where cage traps were placed (see Table 1 for GPS locations), from October to midDecember inclusive. Cameras were placed on trees at approximately 1-1.5 m from the ground. Cameras recorded video when motion was detected. Cameras were set to take 30-s videos with a 30-s break between each video. Cameras also recorded temperatures, time and date when triggered.
Sex and morphological data collection
Traps were checked within 2 h of sunrise, and any animals captured offered water prior to examination. D. gliroides were examined to measure morphological characteristics, determine sex and assess health condition. All animals were weighed using a spring scale (Pesola, Fig. 1 Map showing a the Parque Nacional Los Alerces (PNLA) situated in the north west of the province of Chubut, Argentina; b the northern area of PNLA study area with study location C (Puerto Sagrario); and c the study area along the Río Menéndez with locations A (Puerto Mermoud) and B (Río Menéndez) and sites 1, 9 and 19 where Dromiciops gliroides were trapped Baar, Switzerland) to the nearest 0.1 g. Head, pes, body and tail lengths were measured using digital Vernier callipers. Tail width was also measured, and if the animal was male, scrotal length and width were measured using callipers. Testicular volume was calculated following Celis- Diez et al. (2012) using the formula:
, L = length (cm) and W = width (cm). The morphological description of pouch young was recorded.
Results
Habitat surveys
The habitat surveys confirmed Valdivian temperate forest was the key habitat of the area (for locations B and C). The habitat characteristics for each of the 19 sites are summarised in Table 2 . The dominant tree species were tall evergreen beech (Nothofagus dombeyii), radal (Lomatia hirsuta) and the near threatened cordilleran cypress (Austrocedrus chilensis). Colihue native bamboo (Chusquea culeou) was observed (but dead) in nearly all sites at the time of trapping. Occasional forest sites (location B) had large Chilean myrtle (Luma apiculata), maqui (Aristotelia chilensis), tineo (Weinmannia trichosperma) and lanceleaf azara (Azara lanceolata). The understorey of most forest sites was virtually absent, with the exception of moss, and very few fern and fungi.
Most forest sites had only a few species of small shrub present. The main shrub species observed at the forest sites included Darwin's barberry (Berberis darwinii), prickly heath (Gaultheria phillyreifolia), parilla (Perilla frutescens), lanceleaf azara, young Chilean myrtle, rosea (Colletia spinosissima), mayten (Maytenus boaria), maqui and codocoipu (Spanish) (Myoschilos oblongum), with occasional specimens of vetch (Vicia magellanica) and devil's elder (Raukaua laetevirens) at some sites. Weeds were extremely rare in the forest sites.
The ex-Mermoud (location A) orchard sites were dominated by introduced stone fruit trees. These trees included apple (Malus domestica), cherry (Prunus spp.) and quince (Cydonia oblonga) and were the dominant canopy species. There was little understorey at some of these sites; however, weeds were found in abundance in more open areas at the orchard sites. The dominant shrub species in open areas at the orchard sites included Scotch broom (Cytisus scoparius) and sweet briar (Rosa rubiginosa) with a mix of short grasses and herbs.
Despite many of the trees and shrubs identified as potential sources of berries, during October, no plants had mature berries present at any of the survey sites. In November, the prickly heath and devil's elder began to fruit. The native Chilean strawberry (Fragaria chiloensis) was also beginning to fruit in some parts of the park (Gpque Cristian pers. comm.). Some immature berries were observed on Darwin's barberry in December. No hemiparasitic mistletoe (Tristerix corymbosus) was identified at any sites.
No evidence of dreys or nests was observed during the habitat surveys.
Dromiciops gliroides sightings
In the last 10 years, sightings of D. gliroides have been made in the PNLA (Chébez 2005) , and in 2005, remains were collected from American mink (Mustela vison) scat at Lago Menéndez (42°42′S) (Fasola et al. 2008) . A D. gliroides locality was provided by Martin (2010) (Table 1) for Chubut for Lago Rivadavia/Cholila; however, no further information was provided. In January 2014, a dead D. gliroides was found in Puerto Sagrario, Chubut (42°3 6′42.06″S 71°53′28.48″W) (F. Castro guide PNLA pers. comm.). The intact specimen had probably just died and was found in an isolated area in the PNLA, only accessible by boat at Puerto Sagrario.
Cage trapping
Four adult D. gliroides were trapped in mid-November, 2014. Weather during the successful trapping period was fine with the temperature ranging from 6-21°C (AccuWeather Lago Futalaufquenm 2014) with slight cloud cover. There was minimal cloud cover during the October and December surveying periods, when no animals were trapped. All D. gliroides were captured in forest habitats at three different sites (1, 9 and 19) . No other species were trapped. Both males (2) and females (2) were captured. The cage trap that trapped male 1 (site 1) had been placed on a horizontal dead branch nearby to some native bamboo and radal, approximately 1 m from the ground. Male 2 and female 1 were captured at the same site (site 19), using the same trap, with the female being captured 2 days after the male. This trap was placed on the horizontal branch of a large cypress, near a large beech, approximately 2 m from the ground. The trap entrance was facing the cypress tree trunk. Female 2 was captured at site 9, on the same day as female 1. The trap had been placed on a fallen branch approximately 0.5 m from the ground.
All three baits were successful in attracting D. gliroides into the cage traps. Both males consumed all the bait in the traps, banana (male 1) and apple (male 2). In comparison, both females appeared to have not eaten any of the bait left in the cage traps (apple (female 1) and bait ball (female 2)).
Infrared camera trapping
Camera trap 4 (site 19) recorded D. gliroides on five nights in mid to late November. The videos showed the animal/s moving along branches of a cypress tree. Cameras 1 (two nights) and 5 (two nights) recorded foxes (Lycalopex culpaeus). The videos showed a single fox walking past the camera, and in some videos sniffing around the areas.
Morphological data
Both adult males (2) and females (2) were captured. All animals were regarded as healthy, having no obvious signs of ill-health and were within normal weight range for the species. The coats of all animals appeared in good condition, even though female 1 had fleas (unidentified species). Table 3 summarises the morphological measurements taken for each adult D. gliroides.
The scrotum of the males was examined and measured. The left side of the scrotal sac of male 1 was blue grey and the right side pink; however, this was the opposite for male 2. The scrotal sac width of male 1 was 14.65 mm and male 2 12.48 mm. The length of the scrotal sac was 7.15 and 8.35 mm for Male 1 and 2, respectively. Male 1 had a scrotal volume of 0.80 cm 3 and male 2 a scrotal volume of 0.68 cm 3 . Both females captured had pouch young in an enclosed pouch. Female 1 had at least three and female 2 at least two young. All pouch young lacked fur, had no pigmentation and were firmly attached to teats deep in the pouch. To minimise mis-mothering, only one pouch young from each litter was measured. The pouch young of female 1 had a crown to rump length of 13.33 mm, and the crown to rump length of the pouch young of female 2 was 20.84 mm. Neither of the two pouch young investigated in detail had their eyes open; however, toes and distal claws were visible on the hind feet, tails were detached, and the ears were starting to form and detach. The genital tubercle was visible only in the pouch young from female 2.
Further observations
Sites 10, 12 and 14 had evidence of pig activity, specifically fresh pig scats. Open areas near to sites 6 and 7 (old orchards) had large areas where pig rooting and foraging was evident. European hare (Lepus europaeus) scats were present too.
Consistent with the camera trap data, foxes (Lycalopex culpaeus) were opportunistically observed during the day, one near the Pasarella (Río Arrayanes footbridge) (42°43′34″S 71°44′33″W) and another near site 1 and Puerto Chucao. Fox scats were observed at sites 3, 4 and 19, and fox prints were observed at several locations throughout the survey sites including along the track from the Pasarella to Puerto Chucao.
American mink were observed during the day opportunistically whilst walking between different sites (42°43′ 50″S 71°45′08″W and 42°43′35″S 71°44′47″W). Mink tracks were also observed along the tracks in close proximity to the water.
Domestic animals were present in the park. Within the survey area, we observed one domestic cat (Felis catus) at Puerto Chucao, in close proximity to site 1. Another adult cat was observed in the carpark adjacent to the Pasarella, and three additional domestic cats were observed in other areas in the park. One large domestic dog (Canis familiaris) was also observed during site surveys.
Local residents and National Park staff reported high numbers of owls during the period when the bamboo was flowering and producing seeds. These reports were supported by the very large numbers of owl pellets found throughout the survey sites.
Discussion
Our study has confirmed the presence of the near threatened arboreal marsupial D. gliroides at a latitude as south as 42°43′S in the PNLA, Chubut province, Argentina. D. gliroides is more commonly known to inhabit the temperate forests of Río Negro and Neuquén (Birney et al. 1996) and in the adjacent areas of Chile and the Island of Chiloé (Patterson et al. 1990 ). However, Heinonen Fortabat and Chébez (1997) first suggested the possibility that D. gliroides may be present further south in the province of Chubut and included it in the species list for the PNLA. Hence, prior to this study, the distribution of D. gliroides in Argentina extended only to 42°32′58″S 71°37′56″W for Chiloé /Lago Rivadavia in Northern Chubut, Argentina (Martin 2010) ; however, no other information is given about this finding. Both male and female D. gliroides were caught during trapping, and the females had pouch young present. We estimate based on crown rump length measurements (Frankham and Temple-Smith 2012 ) that the pouch young were between 15 and 30 days old. The presumed ages of the pouch young suggest birth occurred in early October and mating in early spring or late winter, and is similar to other records of pouch young in other parts of Argentina (e.g. Pearson 1983 ; Gurovich unpublished data), Chile (e.g. Muñoz-Pedreros et al. 2005; Frankham and Temple-Smith 2012) and the island of Chiloé (Celis- Diez et al. 2012) .
Males caught in November 2014 were slightly larger than adults caught in April (19.5 ± 0.5 g) by Pearson (1983) and slightly smaller than those caught in summer (28.9 ± 1.4 g; January-March 2000 and 2001) in Argentina (Rodríguez-Cabal et al. 2008) . Females were, on average, heavier and slightly longer than the males and similar to observations made by Rodríguez-Cabal et al. (2008) in Río Negro, Argentina. The tail diameter of the individuals caught in this study were slightly smaller for both males and females compared to those caught in summer (7-9 mm) and winter (10-13 mm) in Chile (Kelt and Martínez 1989) .
Based on the health condition of the males captured in this study, we suggest that it is unlikely that D. gliroides are semelparous and do not experience 100 % male mortality following an intense mating period as seen in some Australian dasyurid marsupials (e.g. Bradley 1997), and at least five species of South American Didelphids (see Lopes and Leiner 2014) . However, in order to confirm this, further studies are required.
A significant number of trap nights were required to trap D. gliroides within the PNLA, with the success rate <1 %. Celis- Diez et al. (2012) had a low capture rate in spring (2/ha) compared to summer (20/ha) in Chiloé. However, these two studies differ from other studies where D. gliroides appears to be easily captured (using the same bait) such as Rodríguez-Cabal and Branch (2011) , in which they stated they could capture D. gliroides within four nights (99.6 % success rate) if it was present. However, given the low capture rates of this study, the statements by Rodríguez-Cabal and Branch (2011) is likely not the case at all sites. The difference in habitat was evident in our study sites compared to the study sites of Rodríguez-Cabal and Branch (2011) , whereby bamboo was abundant and there was mistletoe present. In our study site, the bamboo had flowered and seeded between 2012 and 2014 and there was only the occasional exceptionally rare bamboo seedling observed. Mistletoe was also lacking at all our study sites; however, it has previously been noted not to preclude D. gliroides from a site (Martin 2010) .
As this is the first confirmation that D. gliroides are present within the PNLA, their diet in the area and if they even consume fruits remain unknown. Given the lack of fruit at the time we captured D. gliroides, it suggests their diet was likely to be high in insects. A diet rich in insects during the time young are reared is presumably beneficial due to higher protein levels. This is similar to the mountain pygmy-possum (Burramys parvus) whose diet generally follows seasonal availability of arthropods (Smith and Broome 1992) . However, female pygmy-possums consume more arthropods than males most likely due to their higher protein requirement for reproduction and to provide sustenance for their young, allowing them to grow to an adequate size in preparation for winter hibernation (Smith and Broome 1992) . Similarly, the opossum (Caluromys philander) increases consumption of insects to coincide with late lactation Tyndale-Biscoe (2005) , and the red-tailed phascogale (Phascogale calura) increases consumption of vertebrates as opposed to eating insects during the breeding season (Stannard et al. 2010 ). However, further diet studies are needed to support this observation.
All successful trapping (cage and cameras) occurred in relatively undisturbed Nothofagus forest in small branches (live or dead) 0.5-2 m from the ground, and between 40 and 80 m from a water source. D. gliroides was the most abundant (and the only) species of small mammal caught in the understorey stratum in this study similar to what was reported by Rodríguez-Cabal et al. (2008) who also found D. gliroides as the most abundant small mammal in the understorey, but not the only small mammal (20 % in 2000 and 17 % in 2001 all captures) .
During late 2013 to mid-2014, there was an increase in rodent numbers (up to 600 %) in the PNLA related to the bamboo flowering and seeding event. Trapping efforts by National Park Rangers and inhabitants of the PNLA reported trapping hundreds of rodents during 2013 and up to 1000 rodents per hectare during November 2013 (Gpque Sanchez pers. comm.). Our trapping occurred post bamboo flowering and seeding, and post rodent irruption. During the irruption, vast numbers of rodents needed to seek food and many trees and shrubs are likely to have suffered. Given the vast numbers of rodents and their appetites, it is likely that it impacted on the ability of the understorey and mid-storey plants to re-establish quickly after the bamboo flowered, seeded and died. The decrease in understorey and mid-storey levels may have also impacted on the ability of D. gliroides to move between different areas and to find suitable food and shelter. During the rodent irruption, numbers of predators increased (e.g. owls) and likely impacted directly on D. gliroides; however, further studies to understand the ecosystem dynamics as these times are required.
Threats to D. gliroides and its habitat are not unique to the PNLA. These include natural and introduced predators and human impacts from farming and tourism. Introduced predators such as mink and domestic cats and dogs are likely to impact directly on D. gliroides. American mink was introduced to Patagonia in the early to mid-twentieth century for fur farming (Lizarralde and Escobar 2000) . They are present in the PNLA and are known to prey on D. gliroides (Fasola et al. 2008) , and they were observed throughout the study area during surveys. Domestic cats were observed in the PNLA during the trapping period. The threats posed by cats to native wildlife including native marsupials have been documented at length in various habitats in Australia (e.g. Abbott 2002 ) and near Llao Llao in Bariloche, Prov. De Río Negro domestic cats are known to hunt and kill D. gliroides (G. Amico pers. comm.), and has been detected in Parque Municipal Llao Llao by Di Virgilio et al. (2014) .
Dromiciops gliroides have been shown to make nests out of bamboo leaves (e.g. Hershkovitz 1999) . In this study, we did not observe any dreys and there was no bamboo suitable for building nests. Field observations have however suggested that D. gliroides nests in tree hollows (Franco et al. 2011 ) similar to Australasian marsupials (Geiser 1994; Kerle et al. 2013) , and that they use introduced nest boxes (Franco et al. 2011; Celis-Diez et al. 2012) . A lack of mature trees with hollows in the PNLA would therefore reduce potential nesting sites for D. gliroides and hence reduce the habitat available to them. Introduced livestock also known to browse on Nothofagus and alerce saplings in the PNLA (Vila and Borelli 2011) would indirectly impact on D. gliroides by reducing the number of mature trees in the longer-term and hence nesting sites.
Finally, tourism although not likely to directly impact on D. gliroides is likely to lead to impacts on vegetation through soil impaction from walking off paths and possibly from the transmission of Phytophthora spp. (an organism that causes root rot) spread by human activity, causing mortality to cypress trees (Filip and Rosso 1999) . It is possible the high volume of predators and threats from domestic animals and tourism contributed to the low capture rate of D. gliroides during the study.
Conclusions
This study presents unequivocal evidence of the presence of D. gliroides in the PNLA and confirms its presence in the province of Chubut, Argentina. Further studies are required to elucidate the diet of D. gliroides within the PNLA and to uncover further aspects of its biology, especially those relating to the impacts of the flowering and seeding of the native bamboo and the resultant rodent irruption.
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